
 
Scientific Access, 2025, 1(1), 44-52 

https://www.hillpublisher.com/journals/sa/ 
ISSN Online: 3068-7500 

 

DOI: 10.26855/sa.2025.06.008 44 Scientific Access 
 

The Concept of Creating a Thermonuclear Reactor 
with Neutron Heating (3He-D-T) Plasma 

S. N. Stolbov1,*, Yu. V. Drobyshevsky1, I. M. Anfimov2, V. A. Varlachev3, S. P. Kobeleva2, S. A. Nekrasov4, 
A. V. Korzhenevsky1, A. V. Oginov5 

1Proteus LLC, Zelenograd 124498, Moscow, Russia. 
2National Research Technological University “MISIS”, Moscow 119049, Russia. 
3National Research Tomsk Polytechnic University, Tomsk 634034, Russia. 
4Central Economic and Mathematical Institute of the Russian Academy of Sciences, Moscow 117418, Russia. 
5Lebedev Physical Institute of the Russian Academy of Sciences, Moscow 119991, Russia. 
 

How to cite this paper: S. N. Stolbov, Yu. 
V. Drobyshevsky, I. M. Anfimov, V. A. 
Varlachev, S. P. Kobeleva, S. A. Nekrasov,  
A. V. Korzhenevsky, A. V. Oginov. (2025) 
The Concept of Creating a Thermonuclear 
Reactor with Neutron Heating (3He-D-T) 
Plasma. Scientific Access, 1(1), 44-52. 
DOI: 10.26855/sa.2025.06.008 
 
Received: April 23, 2025 
Accepted: May 19, 2025 
Published: June 27, 2025 
 
*Corresponding author: S. N. Stolbov, 
Proteus LLC, Zelenograd 124498, Moscow, 
Russia. 
 
 
 

  Abstract 
The creation of thermonuclear reactors with a catalytically provided approach to 
the implementation of a thermonuclear reaction of high specific power and dynam-
ically stable is proposed. The reactor is undergoing internal neutron plasma heating 
in interaction with D and 3He fuel composition, with a catalytically stabilized com-
bustion process. The fuel composition is heated by its interaction with neutrons 
generated in the plasma, which are returned by thermal ones. The resulting plasma 
is trapped, removed, and accelerated along the magnetic field. The reactor's fuel 
cycle is closed for tritium, helium-3, and neutrons. In the process of work, they burn 
out and are developed again. It is extremely important that the n-3He-D-T system 
has positive neutron feedback. This is due to the fact that the cross section and rate 
of neutron reactions with 3He ( 3n Heσ  and 3n Hevσ ) are higher than those of other 
thermonuclear reactions over the entire temperature range. The reaction produces 
fast T ions interacting with D and 3He of the fuel composition with high energy 
release, plasma heating, and neutron generation. Neutrons released from the plasma 
return to it due to the use of a decelerating moderating structure (MFS) as a device 
for thermalizing and forming a directed neutron flux, which increases the efficiency 
of their return. Deceleration of neutrons increases the density in the flow of thermal 
neutrons returned to the plasma (reducing their velocity). The simulation allowed 
us to conclude that a thermonuclear fusion reactor with an internal catalytic cycle 
and (n-3He-D-T) plasma heating is physically feasible and relatively compact. 

Keywords 
Thermonuclear reactor; catalytically closed internal fuel cycle; neutron flux control; 
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1. Introduction 

The development and improvement of new technologies for their subsequent use in the thermonuclear reactor of the 
International Thermonuclear Experimental Reactor project is one of the promising areas of nuclear energy at the 
present stage. External energy sources are required for heating and forming thermonuclear plasma [1-3]. Two mech-
anisms of energy supply for plasma heating are assumed: in the form of injected external beams of fast particles with 
adiabatic compression of the "cold" plasma, or by an external magnetic field, by initiating powerful ring or linear 

https://www.hillpublisher.com/journals/sa/


S. N. Stolbov et al. 
 

 

DOI: 10.26855/sa.2025.06.008 45 Scientific Access 

 

currents in the "cold" plasma. In any case, when using external methods of plasma formation and heating, it is nec-
essary to return the heating energy and fulfill the Lawson criterion, which characterizes the critical parameters of the 
conditions for the return of spent energy. 

An alternative solution may be a thermonuclear fusion reactor, in which plasma is heated and formed to tempera-
tures necessary for thermonuclear reactions due to internal exothermic nuclear reactions. Such heating was previously 
used in a thermonuclear bomb, the only device in which thermonuclear fusion reactions take place. A thermonuclear 
reactor using internal plasma heating by thermal neutrons through their interaction with a fuel composition including 
3He and D, T, and operating in a catalytically closed mode is proposed [5, 6]. 

2. The Main Provisions of the Thermonuclear Reactor 

The thermonuclear reactors currently being created are characterized by a low energy density in the plasma. For 
example, in the thermonuclear plasma of the ITER tokamak, the specific power output in the plasma is up to 0.6 
W/cm3 with significant characteristic dimensions (height and diameter of the reactor) up to 40 m, with a pulsed 
operation. In the proposed thermonuclear reactor, plasma is localized in a longitudinal magnetic trap by terminal 
magnetic plugs. A cold fuel mixture, including D, 3He, and T, is introduced and heated by interaction with thermal 
neutrons at the axis or from the end of the trap, forming a region of hot thermonuclear plasma moving along the axis 
to the periphery of the trap, where the released energy is removed. Fast neutrons resulting from the fusion reaction 
and escaping from the plasma are thermalized and returned in a special way to the reactor, which operates continu-
ously. The magnitude of the magnetic field is such that the radial diffusion of the plasma is limited. 

Let us consider the processes taking place in the reactor plasma [2-6]. In thermonuclear reactors operating on the 
basis of a deuterium-tritium fuel mixture, the cross section of the (DT) synthesis reaction is large, but the main energy 
does not remain in the plasma, but goes away with fast neutrons: 

D + T → 4He (3.50 MeV) + n (14.1 MeV)  Q =17.6 MeV                       (1) 
In the deuterium-helium-3 process, the reaction products are charged, and the energy remains in the plasma: 

D + 3He → 4He (3.6 MeV) + p (14.7 MeV)   Q =18.3 MeV.                      (2) 

 
Figure 1. Basic thermonuclear reactor – engine with an internal catalytic cycle. 

This leads to the fact that the energy release power in plasma reaches units of kW/cm3. In plasma, the interaction 
of D+D nuclei proceeds through two equally probable channels: 

((50%) D + D → T (1.01 MeV) + p (3.02 MeV)   Q =4.03MeV                     (3) 
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((50%) D + D → 3He (0.82 Ev) + n (2.45 MeV)   Q =3.27 MeV.                    (4) 
In the first case, the reaction products, charged, leave all the released energy in the plasma. The second reaction is 

necessary to close the process, and 3He and n-neutrons are generated again, which can then be returned to the process 
after energy is removed. It is important that neutrons have a relatively low energy of 2.45 MeV, which reduces the 
severity of the design requirements for the MFS and other reactor elements. And at the same time, 3 does not have a 
huge cross-section of interaction with thermal neutrons.: 

σT = 5400 barn: 3He +n → T(0.19MeV) + p(0.57MeV)  Q = 0.76MeV                  (5) 
A fuel mixture including deuterium and helium-3 is heated continuously in reactions of helium-3 with neutrons, 

then energy is released in plasma mainly in deuterium-helium-3 reactions, and tritium is introduced to regulate the 
neutron flux density. The cross section of the interaction of cold 3He with thermal neutrons is 5400 bar. Despite the 
fact that in hot plasma it drops to units of barh, it is extremely important that the reaction cross-section 3n Heσ  and 
the reaction rate 3n Hevσ  of neutrons with 3He are much higher than all other thermonuclear reactions over the entire 
temperature range and dominate the rest of the processes (see Figure 2). 

 
Figure 2. Cross sections of the main reactions [4], the n3He cross section [10] has been added. 

To control the process, tritium (T) is additionally introduced at a level of about 1% of the fuel mixture to control 
the flux of neutrons produced. Since the main fuel elements D and 3He are non-radioactive, and T is introduced in 
small amounts and under control, this increases reactor safety. 

The interaction of the born fast tritium with 3He also occurs in the reactions: 
(51%) 3He+T → 4He + p + n    Q =12.1 MeV,                           (6) 

(43%) 3He+T → 4He (4.8 MeV) + D (9.5 MeV)   Q =14.3 MeV,                      (7) 
and (6%) 3He+T → 5He (2.4 MeV) + p (11.9 MeV)  Q =14.3 MeV.                    (8) 

In the reactor, the device for thermalization and formation of a directed neutron flux - a slowing-focusing structure 
[5], covers the area of hot plasma localization, and is located inside the magnetic field formation system of the open 
trap. The velocity (temperature) of thermal neutrons is much less than the velocity (temperature of the plasma and 
energy and, born in the plasma fast ions). Thermalization of fast neutrons allows to increase their density in the flux 
of returned thermal neutrons. At interaction with helium-3 at thermal neutrons of fuel composition from 3He, D and 
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T, the maximum density in the returned stream and the maximum cross section of interaction, as a result Q = 0.76MeV 
of energy is released and T with energy (0.19MeV) is born, which heats the input cold fuel mixture and then interacts 
with D or 3He again giving rise to neutrons and energy. 

The density in the flux of born fast neutrons reaches nf ≈ 4·109 cm-3, after their deceleration and return, the density 
of thermal neutrons grows up to nt ≈ 1014 cm-3, increasing in 6 414.1 10 0.025 2.4 10⋅ ≈ ⋅  times. Here the energy of 
the born fast ions is 14.1·106 eV, and the energy of thermal neutrons reaches 0.025eV. Hence, since the reaction rate 

3n Hevσ  of neutrons with 3He is a constant, we can estimate the time of helium-3 burnup in the cloud of returned 

thermal neutrons: 6
31 ( 14.1 10 0.025 ) 7.5full f n Hen v cτ σ= ⋅ ⋅ ≈ ⋅  and the time of plasma heating to 100 keV ≈ 1s. 

And MFS, allows to increase the neutron density and reduce the fuel train heating time by another two orders of 
magnitude. The density of neutrons in the stream grows and at the reverse motion due to the concentration of the 
thermal neutron flux directed by the MFS as 1/r, where r is the distance to the reactor axis. The efficiency of the n3He 
interaction is determined by the path length in the plasma of 3He ions, which are magnetized and localized in the 
magnetic field and fly long distances before interacting with almost stationary thermal neutrons. 

The modeling proceeded in several steps. Earlier in [5-8], the mode of operation at catalytically closed stationary 
plasma burnup was shown, when in a hot 15 keV plasma, the birth and burnup of D, T, and 3He are equal. In this case, 
in a composition of 57% D and 43%3He, 42% of neutrons are born in (D-D)-reactions and 58% of neutrons are born 
in (D-T)-reactions. In this case, the obtained rate of neutron birth reactions is: 

2 21 0.51 2
4nplasm D D T He T TDD DT HeT TTR v n v n n v n n v nσ σ σ σ= ⋅ + ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅                    (9) 

Thus, Rnplasm = 4.6·1013cm-3c-1 is the neutron birth rate in the thermonuclear plasma. Energy losses are considered 
at the level of braking radiation. 

Then, the dynamics of plasma heating in an open magnetic trap were considered at the introduction of a cold fuel 
mixture and its interaction with thermal neutrons in the trap. 

The composition of the fuel mixture, included: (dD = 57% D and d3He = 43%3He) and dT = 0.1% - 1% T. Smooth 
approximations of the temperature dependence of the reaction rates were obtained from [18] for the reactions: D+D 
→ p + T, D + D → n + 3He, D + T → n + 4He, D + 3He → p + 4He. It is important that 3n Hevσ  ≈ is constant, and 
the density of the composition decreases with increasing temperature. 

In the model, it was considered that the process of mixture heating is isobaric, so the temperature and plasma 
density are inversely proportional. The starting pressure of the inlet mixture jet is 0.15 atm, density is 5·1018 cm-3. 
Mass flow rate of the input mixture Min = 1.9·10-3 g/s (for helium-3 MinHe = 1·10-3 g/s). 

The dimensions of the calculated plasma region in the longitudinal magnetic trap are radius R = 0.2m, length L = 
2m. The reactions proceed with a large energy release, neutrons are born again, and the process is closed by neutrons. 

The energy release in the plasma from the interaction of 3He with thermal neutrons, with D and T, will be: 

3
/

3 0 33
0

( ) ( ) ( ) ( )V S n
F DD DT torm He n Hen HeHeD

n

K ERW r W W W W k E v n n
v r T

σ= + + − + ⋅ ⋅ ⋅ ⋅ ⋅ ⋅             (10) 

Here r is the distance from the axis; WDD + WDT + W3HeD - energy release from ions in hot plasma; k - Boltzmann 
constant; R - external radius of the plasma; vn= 2.2·103 m/s - thermal neutron velocity; KV/S ≈ V/S - volume integration 
factor of the flux - the ratio of the plasma volume to the area of its lateral surface; 3n Hevσ  ≈ 1.19·10-24 cm-3/s, n3He 
- concentration of 3He in the plasma. It is taken into account that the path length of thermal neutrons before interaction 
is larger than the transverse dimensions of the reactor, and that the density and concentration in the fuel composition 
fall with increasing temperature in the fuel composition. 

The reactor operation is sensitive to the mass flow rate of the fuel mixture. When the mass flow rate of the inlet 
mixture is reduced down to Min = 1. 10-4 g/s, the reactor size can be reduced and made more compact, but the plasma 
temperature drops. The increased T fraction is useful in the starting mode of reactor operation. In a fusion reactor, 
heating is carried out in 3He-n reactions, burnup is carried out mainly in D3He reactions, and energy removal is carried 
out through heat removal and energy conversion, or during expansion and acceleration of the injected fuel mixture in 
the rocket engine variant. 
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Figure 3. Energy release dynamics (kW cm-3) from reactions with 3He-n during radial heating and from DD, DT, 3HeT, and TT 

reactions during fuel mixture injection in the isobaric approximation. 

The proposed reactor operates in the mode of a neutron-helium plasma burner with a magnetic field, and is not a 
plasma containment device. Its purpose is localization, heating, acceleration of plasma, and energy removal. 

The plasma temperature rise during the introduction of the mixture and the neutron flux density obtained for cata-
lytically closed modes at a temperature of 15-20 keV were integrated. 

( )
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,V
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p in

W r l dVT
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Vd He He dD D dT Tµ µ µ
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∫                              (11) 

Here d3He = 0.427, dD = 0.563, dT = 0.01, Cp = 20.724 J/K, V = πR2L. 

 
Figure 4. Dynamics of temperature rise, in (eV), from 3He-n reactions when the fuel mixture is injected along the axis and when 

the plasma is radially heated. 

The variants of axial plasma motion along the trap dV dl
V L

→  and radial motion 2

2dV rdr
V R

π
π

→  (input, heating, 

combustion, and output of hot plasma from the periphery in the plasma trap) were considered. The maximum energy 
release occurs in the initial region, where the fast jet of the input fuel mixture with a density of about n3Hegaz ≈ 
5·1018 cm-3 (0.15 atm) heats up to keV temperatures already at the first centimeters. The heating and combustion 
process is continuous. 

At axial injection of the mixture, the preservation of the isobaric heating process in the trap is determined by the 
ratio of the magnetic field values in the inlet and outlet plugs of the trap and the equality of mass flows at its inlet 
and at the outlet of the hot plasma from the trap. In the variant of fuel mixture input in the near-axis region of the trap 
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and radial motion of the plasma with end magnetic plugs at the ends, the maximum energy release is in the near-axis 
region, where the input fuel mixture at the first centimeters heats up to keV temperatures, reaching the working 
plasma temperature. 

On the basis of the knowledge of the energy dependence of these cross sections, we estimate the volume flux of 
fast tritium and the neutron flux generated in these reactions during plasma heating. 

 
Figure 5. Dynamics of change of neutron flux (cm-2s-1) from DD reactions and from DT reactions (for 1% T) at fuel mixture 

injection from plasma temperature. 

Thus, FnDD is the neutron flux in (cm-2s-1) born from DD reactions in the plasma, and FnSum is the neutron birth 
flux including DT and TT reaction fluxes. 

In order for neutron birth and neutron burnup to be mutually assured, an input of 0.1% to 1% tritium into the fuel 
composition at the inlet is required. Since the technological albedo [7] of the MFS is greater than unity, it is possible 
to operate the reactor without T input, which increases reactor safety. 

3. Stability and Energy Release 

For some system to be stable and to have a stationary process, it is necessary that the energy release be equal to the 
energy losses and at the same time not exceed some critical value for the system [10]. Therefore, a stationary fusion 
reactor requires a system of continuous removal of the released energy. This can be realized in an open trap of the 
probcotron type. 

In a typical probcotron [20], the free path length of 100 keV ions is 3·105 m, which is sufficient for the birth of 
neutrons in the DD reaction and cyclic closure of the process. 

The plasma region can be cooled externally with a coolant that does not contain helium-3. The criterion for the 
possibility of external cooling is the requirement that the losses outside are less than the energy release in the plasma. 
In our case, the energy release in the plasma strongly depends on the characteristics of the input fuel mixture, the 
presence or absence of starting tritium in the composition and can reach WD3He = 0.6 kW/cm3. When the external 
coolant is helium or hydrogen, this value can reach (WD3He·R)/(2·qHe)>4, where qHe < 0.7 kW/cm2. 

With an external magnetic field greater than B > 1T, the operation mode with external coolant flow is possible. 
That is impossible for tokamaks for which Wpl < 0.6 W/cm3. 

The mode of operation with external coolant makes it possible to exclude the hot plasma from touching the reactor 
wall and degradation of its surface. At the same time, operation with an external coolant, which does not contain 3He 
and covers the hot plasma region from outside at high power of energy release in the plasma, allows for to facilitation 
of the process of energy removal in the reactor. 
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In the case of power generation, the first stage may include a plasma flow energy converter, including a radial 
magnetic hydrodynamic (RMHD) generator. The magnetic field gradient arising at the bending of the longitudinally 
magnetized channel in which the hot plasma from the reactor moves creates a transverse drift of electrons and ions, 
which rotate and drift in opposite directions against the transverse external electric field, removing energy from the 
magnetized plasma without plasma ejection on the walls. Several rotations of the plasma outlet channel are possible. 

4. Experimental Basis for Neutron Control 

In 1991, to improve the efficiency of thermal neutron flux control, a moderating-focusing structure, or MFS [5-8], 
based on anisotropic smoothly profiled structures was developed. The creation of a device with the ability to select 
neutrons by direction in space is based on the application of the effect of neutron reflection from the surface of 
materials [11-14]. 

In a sharply anisotropic structure in the form of a package of selective plates, each neutron, after scattering, has a 
probability of getting into the angular region of neutron capture by any of the selective plates inside the package of 
the structure. 

The result of neutron motion near the surface of the plates, whose radius of curvature increases smoothly, is a series 
of consecutive reflections: a wall neutron, having first reflected from the plate surface, leaves the MPS, having ex-
perienced a series of subsequent reflections. 

The experiments were conducted in the GEC-4 channel at the IRT-T reactor of the National Research Tomsk Pol-
ytechnic University. At least a twofold increase in the average integral flux of thermal neutrons from a sectoral (1/45) 
MFS on a control silicon wafer was demonstrated. 

Reactor operation with a neutron moderator covering the plasma volume is possible. Operation is possible on 
graphite with an albedo of 0.93 and on heavy water with an albedo of 0.97. But the technological albedo of FPS on 
graphite reaches 4, and FPS can direct the returned thermal neutrons to the zone of fuel mixture heating, summing 
them up, and has a thermal, not "gray" neutron spectrum. 

5. Startup Dynamics of Operation Processes 

Two variants of reactor operation startup are possible - neutron startup and plasma startup. 

 
Figure 6. The increase in the flux of nascent neutrons from time (s) in the isobaric mode of operation when the initial neutron 

flux is introduced, Фn = 4.56·1014 cm-2c-1. 
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At neutron startup, the inner volume of the magnetized longitudinal trap chamber of the reactor is filled with a cold 
gas working mixture, for example, of 57% deuterium and 43% helium-3 under pressure, for example, 0.1 atm. A 
starting neutron source or neutron flux from a neutron source is temporarily introduced inside the MFS. The start can 
be carried out in an isochoric closed volume with the opening of the exit window for plasma upon reaching the regime 
of the control neutron flux, which dramatically accelerates the dynamics of heating. 

During neutron birth-return in the MFS system, the plasma volume of the initial starting neutron flux successively 
heats the fuel mixture to plasma temperatures and then grows, being born in plasma reactions. But a starting source 
of neutrons is needed, such as from a starter nuclear reactor. Then, the heating of the composition in n - 3He - D -T 
reactions proceeds independently of the starting source. 

At plasma start, the reactor chamber is heated to plasma temperatures by pulsely increasing the magnetic field up 
to 10T, possibly together with neutron heating of the composition. 

The dynamics of the process are limited by the rate of neutron thermalization in MFS - 10-3 seconds, which limits 
the rate of neutron flux growth and energy release. 

MFS has high efficiency of thermalization and thermal neutron return, and a short-term neutron source is suitable 
for initiation even on natural uranium. 

6. Fuel Base 

Importantly, in our proposal, the process is catalytically closed, with helium-3, tritium, and neutrons constantly being 
catalytically consumed and reaccumulated during the process. Helium-3 is produced by the global and domestic 
industry. For example, Gazprom has launched production of up to 60 million tons of helium per year at the Amur Gas 
Condensate Plant. In the Russian Far East, a powerful helium production facility has been set up to produce helium 
from natural gas. The helium-3 content in natural gas is small, 0.014%. 

Helium-3 boils at 3.19 K (helium-4 boils at 4.23 K), its critical point is 3.35 K (helium-4 critical point is 5.19 K). 
Therefore, when helium-4 is already liquid, helium-3 is still a gas. That is why it can be easily separated by rectifi-
cation. 

Moreover, PJSC Cryogenmash, a subsidiary of Rosatom, has developed and patented a new technology for helium-
3 extraction and has created a special unit to extract helium-3 from liquid helium with 99.9% efficiency. Since the 
extraction of helium from gas is already done by rectification, this only requires tweaking the existing process. 

Deuterium extraction is a well-established industrial process. 

7. Conclusions 

The use of an anisotropic thermal neutron concentrator made in the form of a plate packet of profiled moderator 
plates makes it possible to increase the efficiency of thermal neutron return control, for example, in the fusion reaction 
zone. 

The use of neutron retardation and retardation-focusing structure allows increasing the density in the flux of re-
turned thermal neutrons by more than 1·104 times for continuous heating of the incoming fuel mixture. This makes 
it possible to propose a new type of fusion reactor based on the n-3He-D-T system. The high efficiency of such a 
reactor is due, first of all, to the fact that the rate and cross section of interaction of neutrons with 3He are higher than 
the rate and cross sections of all other thermonuclear reactions in the whole range of energies. 

In fusion reactors based on a deuterium-tritium fuel mixture, the reaction cross section is large, but the energy does 
not remain in the plasma; but escapes with fast neutrons. In n-3He-D-T plasma, the main reaction products are charged, 
and the energy remains in the plasma. This leads to the fact that the power of energy release in the plasma reaches 
units of kW/cm3. 

The energy from the interaction of neutrons with 3He is used to heat the input plasma. The operation mode of the 
neutron helium deuterium burner is realized. It seems that the proposed fusion reactor with an internal catalytic cycle 
is quite realizable from the point of view of the physics of processes, can be compact enough, and can be used both 
for power generation and for fusion engines. 
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